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This  report  is  the  result  of  a  contract  with  Honeywell,  Inc.  to 
develop  a  Passive  Bus  Detector  and  Intersection  Priority  system.   The 
system  functions  as  a  fully  independent  traffic  controller  with 
completely  passive  bus  detection  capability  (i.e.  with  no  special 
equipment  required  on  the  bus)  using  inductive  loop  detectors  (ILD) 
placed  in  the  roadway. 

Sufficient  copies  of  the  report  are  being  distributed  to  provide 
a  minimum  of  one  copy  to  each  Regional  Office,  and  one  copy  to  each 
Division  Office  and  two  copies  to  each  State  highway  agency.  Direct 
distribution  is  being  made  to  the  Division  Offices. 

Limited  copies  for  official  use  are  available  upon  request  from 
Mr.  Lyle  Saxton,  Chief,  Systems  Development  and  Technology  Group, 
HRS-32,  Washington,  D.  C.  20590.  Additional  copies  for  the  public  will 
be  available  from  the  National  Technical  Information  Service  (NTIS) 
Department  of  Commerce,  5285  Port  Royal  Road,  Springfield,  Virginia  22161, 
A  small  charge  will  be  imposed  for  each  copy  ordered  from  NTIS. 
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SECTION  1 
INTRODUCTION 


1.1  PURPOSE 

This  manual  contains  the  installation,   operation,  and  maintenance  instruc- 
tions for  the  Passive  Bus  Detector  (PBD)  system.    In  addition,  the  manual 
covers  general  operating  theory,  front  panel  indicators  and  controls,  and 
input/output  functions.     General  information  is  presented  to  encourage  the 
system's  use  where  mass  transit  bus  priority  and  monitoring  can  be  used 
to  advantage.     Included  in  this  manual  are  diagnostic  procedures,   functional 
module  descriptions,   schematics,   and  parts  lists. 


1.  2  SYSTEM  DESCRIPTION 

The  PBD  is  a  stand-alone,  microprocessor-based  system  for  passively  de- 
tecting the  presence  of  widely  used  40  to  60-ft*mass  transit  busses  on  a 
roadway.    Although  the  PBD  was  developed  to  operate  with  busses  manufac- 
tured by  GMC,  AMG,   and  Flxibie,     it  can  be  adapted  to  other  bus  types  and 
manufacturers  should  the  need  arise.     The  PBD  uses  the  commonly-used 
inductive -loop  transducer.     No  bus  driver  cooperation  is  required  other  than 
driving  the  bus  over  the  detection  zone  of  the  loop(s). 

The  PBD  system  consists  of  two  components:  1)  a  four-pack  Inductive- Loop 
Detector  Unit  (ILDU)  (Figure  1)  and  2)  a  16-channel  Bus  Classifer  Unit  (BCU) 
(Figure  2).    Each  Inductive- Loop  Detector  (ILD)  is  a  high-quality  detector 
which  drives  the  inductive  loop  and  extracts  changes  in  loop  inductance  due 
to  vehicle  presence.     In  addition,   it  contains  the  vehicle  and  bus  call  relays. 
The  system's  intelligence  is  located  in  the  BCU.     The  BCU  contains  two 

*    1    ft.    =    .3048   m. 
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microprocessors  which  process  the  raw  detector  information  from  a  maxi- 
mum of  16  ILDs  (four  4-pack  ILDs).     The  bus /no-bus  decision  made  by  the 
BCU  is  returned  to  the  respective  ILD.     Figure  3  shows  how  these  two  units 
are  interrelated. 
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TO  TRANSDUCER  AND  TRAFFIC  CONTROLLER 


Figure  3.     PBD  Interconnect  Diagram 


1.  3  OPERATIONAL  CHARACTERISTICS 


1.3.1  Inductive -Loop  Detector  Unit 


The  ILDU  consists  of  a  power  supply  section  plus  space  for  four  ILDs.     Each 
ILD  is  pluggable,   so  that  a  system  which  requires  a  nonmultiple  of  four  ILDs 
must  install  only  the  number  of  ILDs  needed.     The  power  supply  section  also 
contains  the  relays  for  interfacing  with  the  traffic  controller. 
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1.3.  1.  1  Outputs  --  One  set  of  relay  contacts  (N.O. ,  N.C. ,  Common)  for 
vehicle  call.    One  set  of  relay  contacts  (N.O. ,  N.C. ,  Common)  for  bus  call 
for  each  detector.    Contacts  rated  at  2.  0    amperes. 

1.  3. 1.  2  Controls  —  Tuning;  Vehicle  call  duration  (short,  medium,   long); 
Sensitivity  adjust. 

1.  3.  1.  3  Indicators  --  Coarse  tuning;  Output  signal  monitor;  Tune  Limit. 

1.  3. 1.  4  Inductive  Loop  --  Three-turn,   6-ft  x  6-fft  lead-in    =    360  ft*maxi- 
mum;  series /parallel  combinations  not  permitted. 

1.  3. 1.  5  Power  Requirements  --  110  Vac,   60  Hz,     1.  0  ampere. 

1.  3. 1.  6  Mounting  --  Shelf  -  width  13.  5  in* ,  height  6.  5  in?,  depth  6.  9  in? 
(with  cable  connectors);  weight  10  lb. 

1.  3.  2  Bus  Classifier  Unit 


The  BCU  is  the  device  which  receives  a  vehicle  signature  from  the  ILD  and 
analyses  the  signature's  shape.     If  the  signature  belongs  to  that  of  a  bus, 
the  BCU  issues  a  signal  to  the  ILD  which,   in  turn,   initiates  a  bus  call  to 
the  controller. 

1.3.2.1  Inputs  —  Up  to  16  simultaneous  vehicle  signatures,   0  to  10  Vdc; 
Remote  reset. 

1.  3.  2.  2  Outputs  --  Up  to  16  vehicle  and  16  bus  classification  event  signals, 
transistor-transistor  logic  (TTL)  compatible,   "Low  True"  logic  level;  Fault 
1,   2  and  3  outputs,  TTL  open  collector,  "Low  True"  logic  level,    (zero  volts 
=    logic  1) 

*     1  ft.  =  .3048  m.,     1  in.  =  2.54  cm. ,     1  lb.  =  .4536  kg. 


1.  3.  2.  3  Power  Requirements  --  110  Vac,   60  Hz,    2.  0    amperes. 

1.3.  2.  4  Controls  --  System  Clear;  Test. 

1.  3.  4.  5  Indicators  --  Fault  1,  Fault  2,  Fault  3. 

1.  3.  4.  6  Mounting  --  Shelf -width  20  in*,  height  7.  8  in*;  depth  10.  1  in*  (with 

■  * 

cable  connectors);  weight  15  lb. 


1.  3.  3  General 

1.  3.  3.  1  Classification  Range  --  Vehicle  centerline  to  loop  centerline  ±  4  ft. 

1.  3.  3.  2  Vehicle  Detection  Range  --  Variable  with  sensitivity  setting  on  ILD. 

1.3.3.3  Environmental  Characteristics  --  Operating  temperature  range 
-30°F  to  +165°F;  humidity  range  to  95  percent  noncondensing  relative  humi- 
dity. 

1.  3.  3.  4  Loop  Placement--  Bus  classification  takes  place  only  after  the  bus 
has  completely  passed  over  the  loop.  Therefore,  the  loop  should  be  placed 
at  least  one  bus  length  back  from  the  stop  bar. 

1.  3.  3.  5  Classification  Accuracy  --  Classification  accuracy  for  AMG,  Flx- 
ible  and  GMC  busses  in  a  mixture  is  greater  than  or  equal  to  95  percent. 

1.  3.  3.  6    False  Classification  --  This  parameter,   defined  as  the  ratio  of 
non-busses  classified  as  a  bus,   to  the  total  number  of  vehicles,   is  less 
than  1  percent. 

*     1  in.  =  2.54  cm.,     1  lb.  =  .4536  kg.,     1  ft.  =  .3048  m. 


SECTION  2 
PBD/ CONTROLLER  APPLICATIONS 


2.  1    INTRODUCTION 

This  section  covers  the  application  of  a  Passive  Bus  Detector  (PBD)  system 
to  typical  existing  or  proposed  traffic  signal  controller  installations. 

Each  application  of  a  PBD  to  a  traffic  signal  control  installation  will  or  will 
not  require  additional  peripheral  control  circuitry.  This  will  depend  on  the 
type  of  equipment  being  used  for  control  and  also  the  control  strategy  being 
used  at  the  particular  installation. 

Material  in  this  section  is  to  be  used  as  a  guide  in  determining  what,   if  any, 
peripheral  equipment  is  required  and  also  to  illustrate  some  typical  appli- 
cations.    In  each  individual  case  of  actual  application,   the  user  should  first 
determine  with  what  controller  he  is  going  to  use  the  detector-classifier, 
the  strategy  he  is  going  to  use,  and  then  consult  with  his  own  technical  staff 
or  the  manufacturer  of  the  controller  to  determine  the  need  for  additional 
specific  hardware  and  what  equipment  modifications  have  to  be  made  to 
achieve  the  desired  results. 

The  PBD  is  exactly  what  its  name  implies.     It  produces  a  relay  closure 
upon  detection  of  a  bus  or  other  specified  vehicle  for  which  it  has  been 
designed.     In  addition,  a  second  set  of  contacts  produces  a  relay  closure 
upon  detection  of  all  vehicles,   including  those  classified  as  the  specified 
vehicle. 

In  this  sense,   the  detector-classifier  combination  is  essentially  a  vehicle 
detection  system  which  is  capable  of  detecting  vehicles,  with  the  added 
feature  of  being  able  to  produce  additional  detection  of  a  specific  type  of 
vehicle. 


2.2    APPLICATIONS 


Figure  4  is  a  block  diagram  of  the  PBD. 
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Figure  4.     Passive  Bus  Detector  Block  Diagram 


In  detector  applications  of  any  type  of  vehicle  detector  at  a  traffic  control 
installation,  two  connections  (ref.  Figure  4)  are  made  to  the  detector  for 
control  purposes:    the  detector  common (T)  and  the  detection  signal Qy  . 

The  detector  common  is  generally  the  logic  common  or  the  control  circuit 
ground  of  the  controller  or  other  peripheral  device  to  which  the  detector  is 
to  be  connected. 

In  the  case  of  the  vehicle  detector  circuits  on  most  actuated  equipment,   the 
detection  circuit  Qy  is  connected  to  the  detector  input  to  the  signal  phase 
control  for  the  phase  it  is  to  service. 


This  leads  us  to  the  simplest  application  of  the  PBD  and  one  that  would 
require  no  additional  peripheral  equipment.  This  application  and  three 
others  are  discussed  next  in  the  form  of  four  example  situations. 


2.  2.  1    Situation  1 

Assume  a  straight,   two-phase  intersection  with  an  actuated,   three-phase 
controller  with  no  separate  turning  lane.     See  Figure  5. 


© 


© 


^ 


® 


© 


1  2  3 

PHASES 

Figure  5.     Situation  1  Street/ Phasing  Diagram 

2.2.1.1    Problem  --  A  left- turn  phase  must  be  provided  once  each  cycle 
with  or  without  the  presence  of  a  left-turning  vehicle  requirement  due  to  the 
heavy  straight-through  flow,  QO  and  ^),   of  the  street.     This  turn  phase  is 
required  so  as  not  to  cause  long  delays  to  a  specified  turning  vehicle,  (z), 
when  it  is  present. 

2.  2.  1.  2    Results  --  Because  of  the  time  used  by  the  left-turn  phase 
(phase  1),  green  efficiency  is  low  at  the  intersection,  and  unnecessary 
delays  are  caused  to  straight- through  vehicles  at  (x)  whose  desired  path  is 
in  conflict  with  the  left-turn  movement  (z). 

2.  2.  1.  3    Solution  —  By  installing  a  PBD  and  detecting  the  specified  vehicle, 
(z),   the  left-turn  phase  can  be  eliminated  except  in  those  particular  cycles 
where  a  demand  is  required  for  phase  1. 


Figure  6  indicates  a  typical  hookup  of  the  described  application. 
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2.  2.  2    Situation  2 

A  two-phase  intersection  with  a  fixed-time-interval  controller  such  as  of 
the  state-of-the-art  design  (i.e.,   Eagle  "EF",   Crouse-Hinds  MPCE",   Econ- 
olite  Type  "F",   Honeywell  HMC-1000). 

2.  2.  2.  1    Problem  --  It  is  desirable  to  cause  the  cross-street  phase  to 
terminate  early  to  service  an  arriving  bus  on  the  main  street  or  the  main- 
street  phase  to  delay  termination  of  its  phase  green  for  some  period  "l" 
upon  detection  of  a  bus. 

2.  2.  2.  2    Solution  --  In  addition  to  a  bus  classifier,  a  bus  preemption  device 
must  be  added  to  the  intersection  controller  to  cause  the  desired  operation. 
In  addition,  a  small  modification  must  be  made  to  the  existing  controller. 

2.  2.  2.  3    Controller  Operation  —  The  current  cycle /interval  operation  of 
the  controller  is  shown  in  Figure  7A.     The  cycle  of  the  controller  is  made 
up  of  six  intervals.     To  enable  a  bus  preemption  operation  for  the  main 
street,   one  approach  would  be  to  change  the  controller  from  six  intervals 
to  eight  intervals  as  shown  in  Figure  7B.     The  intervals  shown  would  be  the 
"Main  Street  Delay  Interval"  and  "Cross -Street  Preemptive  Interval.  " 

During  intervals  2  and  3,  and  6  and  7,   the  signal  displays  would  be  the  same 
for  both  intervals  of  their  respective  streets.     Interval  3  would  normally  be 
set  from  2  to  4  seconds  in  duration.     Interval  7  would  be  set  for  the  maxi- 
mum allowable  time  that  the  cross -street  phase  can  be  shortened  for  the 
presence  of  a  bus. 

The  one  restriction  in  timing  is  that  interval  6  must  have  enough  time  for 
the  minimum  time  to  clear  pedestrian  and  interval  7  time  cannot  be  con- 
sidered as  part  of  the  clearance.     Operation  would  be  as  follows  (refer 
to  Figure  7B  and  Figure  8): 
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As  the  controller  cycles  through  its  intervals  in  order  and  reaches  interval  3 
with  a  bus  detection  present,   the  preemptor  would  cause  the  dial  motor  of 
the  controller  to  stop.     It  would  stay  in  this  condition  until  the  bus  cleared 
the  detection  zone,  or  a  maximum  delay  timer  times  out,  whichever  comes 
first.     The  maximum  delay  would  be  set  on  the  preemptor  and  be  called  the 
"Main  Street  Delay  Setting. "    Upon  either  the  delay  timing  out  or  the  bus 
leaving  the  zone,   the  preemptor  would  restart  the  dial  motor  and  the  con- 
troller would  continue  to  time. 

Again  as  the  controller  cycles  through  its  intervals  and  interval  7  is  reached 
with  a  bus  in  the  detection  zone,   the  preemptor  will  set  an  advance  pulse  to 
the  controller  to  cause  it  to  advance  to  cross -street  yellow. 

The  preemptor  will  time  the  duration  of  the  cross -street  yellow  and  send 
another  advance  pulse  at  the  end  of  this  period  of  time  to  cause  the  controller 
to  go  to  main-street  green  and  walk. 

Since  the  interval  is  now  out  of  step  with  the  dial,   the  controller  will  dwell 
at  the  dial/ interval  interlock  point  (Figure  7B)  until  the  dial  gets  back  in 
step  with  the  interval  device.     When  this  occurs,   the  controller  will  run 
normal  until  the  next  detection  of  a  bus  during  either  intervals  3  or  7. 

2.  2.  2.4    Controller  Modifications  —  Controller  modifications  (refer  to 
Figure  8)  would  be  to  bring  out  the  normal  interval  advance  circuit  between 
the  dial  and  interval  device  to  the  preemptor.     Bring  out  dial  motor  control 
so  that  the  dial  can  be  made  to  dwell. 

Signals  from  the  output  of  the  controller  indicating  to  the  preemptor  when  it 
is  in  interval  3,   7  or  8  are  required.     The  requirement  for  interval  8  is  to 
ensure  that  the  controller  did  in  fact  step  to  yellow  after  the  preemptor  sent 
an  advance  pulse. 

This  is  not  required  on  some  solid-state  pretimed  controllers  such  as  the 
Honeywell  HMC-1000,  as  the  dial  and  interval  are  always  in  step  and  the 
cycle  is  essentially  timing  a  series  of  interval  times. 
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It  should  be  again  noted  that  the  particular  hookup  described  here  is  purely 
functional,  and,  before  actual  hookup  on  any  controller  is  performed,  the 
user's  Technical  Support  group  or  the  equipment  manufacturer  should  be  con- 
sulted on  the  correct  hookup  for  a  particular  controller. 


2.2.  3  Situation  3 


A  multiphase -actuated  intersection  with  three  or  more  phases,   such  as  a 
NEMA  TS1-76  type.2 

2.2.3.1  Problem  --At  the  multiphase-actuated  intersection  controller  lo- 
cation,  it  is  desired  to  skip  a  particular  phase  in  the  event  a  priority  vehicle 
such  as  a  bus  is  present  at  another  phase. 

The  normal  phasing  of  the  controller  is  shown  in  Figure  9. 


I 


4       4 


2  3  4 

PHASES 
Figure  9.     Situation  3  Street /Phasing  Diagram 


National  Electrical  Manufacturers  Association,   NEMA  Traffic  Control  Sy- 
stems,  Standards  Public  at  ion /No.   TS1-1976,    155  East  44th  Street,   New  York, 
NY  10017. 
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If  a  priority  vehicle  arrives  on  the  phase  2  approach,   it  is  desired  to  skip 
phases  4  and  1,  if  the  controller  is  in  phase  3.     Also,  the  controller  is  to 
skip  phase  1  if  the  controller  is  in  phase  4  upon  detection  of  a  priority  vehicle 
on  the  approach  to  phase  2. 

2.  2.  3.  2  Solution  --  A  bus  detector-classifier  can  be  used  in  conjunction  with 
a  commercially  available  phase -selection  device  or  a  set  of  external  logic 
devices  installed  in  the  intersection  controller  to  achieve  the  desired  results. 

Unlike  the  last  example,  no  interval  modification  would  be  required  with  a 
controller  designed  to  NEMA  TS1-76,  as  all  of  the  required  control  signals 
necessary  for  this  type  of  operation  are  available  on  this  type  of  controller 
design.    The  Honeywell  Type-190  was  used  in  this  manner  for  the  field  eval- 
uation tests. 

Referring  to  Figure  10,  the  functional  hookup  to  the  controller  would  be  as 
indicated.     Both  the  bus  and  other  vehicle  detections  are  input  to  the  phase  . 
2  detector  circuit  to  ensure  a  call  to  the  controller  to  phase  2  in  the  presence 
of  a  bus. 

Upon  detection  of  a  bus  during  any  phase  but  phase  2,  the  phase  selector  de- 
vice would  turn  on  phase  omit  signals  for  phases  4  and  1.  This  would  cause 
one  or  both  of  the  phases  to  be  omitted  except  if  the  controller  was  in  phase 

1.  Upon  the  controller  servicing  phase  2,  the  phase  omits  would  be  turned 
off  and  the  controller  would  return  to  the  normal  operation. 

Incidentally,  with  microprocessor-based  controllers,  external  phase-selec- 
tor logic  may  not  be  needed,  since  the  preempt  strategy  can  be  implemented 
in  the  controller  software. 

2.  2.  3.  3  Option  1  --  If  it  is  desired  to  extend  phase  1  for  a  bus  arriving  near 
the  end  of  the  phase,  the  phase  2  "Hold"  signal  can  be  made  to  turn  on  for 
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LINE  (DETECTOR  INPUTS  ARE 
GROUND  POTENTIAL). 


Figure  10.     Solution  3  Hookup  Block  Diagram 


the  duration  of  the  presence  of  a  bus  or  for  a  preset  time  period  upon  detec- 
tion of  the  bus.     This  will  cause  phase  2  to  be  extended  for  the  late  arriving 
bus. 

2.  2.  2.  4  Option  2  —  If  it  is  desired  to  cause  phase  3  to  terminate  early  upon 
detection  of  the  bus  approaching  on  phase  2,  the  controller  force- off  can  be 
activated  by  the  presence  of  the  bus  and  the  phase  3  active  signal  at  the 
phase-selector  logic. 
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2.  2.  4  Situation  4 


A  central  computer  is  selected  to  do  all  preempt  strategy  via  communica- 
tion links. 

2.2.4.  1  Problem  --  Any  of  the  aforementioned  examples  apply  to  this  situa- 
tion. 

2.  2.  4.  2  Solution  --  The  outputs  of  the  PBD  go  directly  to  the  communication 
link  (modem).     The  central  computer  takes  this  information  and  sends  the 
modified  control  strategy  back  to  the  intersection  (controller).     The  control- 
ler operation  is  modified  with  a  coordination  unit  either  by  stopping  the  dial 
as  in  Example  2  above  or  by  stopping  the  cam.     (The  traffic  engineer  can 
choose  the  most  advantageous  solution.  ) 


2.3  CONCLUSION 

The  preceding  discussion  has  given  some  examples  of  the  use  of  the  detector- 
classifier  in  some  applications. 

There  are  numerous  other  possible  applications  which  could  be  variations 
of  those  suggested  and  would  not  add  any  additional  information  by  discus- 
sion here. 

In  those  applications  when  the  equipment  is  to  work  within  a  coordination  sy- 
stem, additional  measures  should  be  considered  in  returning  the  affected 
controller  to  coordinated  operation  after  it  had  serviced  the  priority  vehicle. 
The  method  to  achieve  this  will  depend  on  the  type  of  coordination  system 
being  used  and  the  type  of  intersection  control. 
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SECTION  3 
INSTALLATION  AND  OPERATION 


3.1    INSTALLATION 

3. 1. 1    Inductive- Loop  Transducer 

Although  the  Loop  and  Lead-in  installation  is  not  extremely  critical,  some 
important  points  should  be  noted.     These  considerations  will  increase  the 
long-term  reliability  of  the  installation  and  maximize  the  probability  of 
correct  classification.     They  concern: 

•  Loop  wire 

•  Lead-in  wire 

•  Loop /lead- in  splice 

A  No.   14-gauge  stranded  wire  with  Type  TW,  RHW,  XHHW,  or  THWN  in- 
sulation should  be  used  for  the  loop.    Wire  with  PVC  (polyvinyl  chloride) 
insulation  should  not  be  used  because  of  its  poor  temperature  coefficient. 
Normal  precautions  and  procedures  should  be  used  for  making  roadway  saw 
cuts  so  as  not  to  damage  the  wire. 

For  lead-in  lengths  less  than  250  ft*  Belden  8720  (No.   14  gauge)  wire  is 
recommended.    For  runs  greater  than  250  ft*  Belden  8718  (No.   12  gauge)  is 
recommended.     Other  cable  could  be  used  if  equivalent  to  Belden  8718  or 
8720  (i.e.,  twisted  shielded  pair,  cross- linked  polyethylene  insulation). 
This  wire  is  recommended  because  of  its  low  temperature  coefficient. 

Perhaps  the  weakest  part  of  an  inductive- loop  installation  is  the  splice  be- 
tween the  loop  and  lead-in.    For  the  PBD  system,  there  should  be  only  one 
splice.     The  following  paragraph  is  one  recommended  splice  procedure: 

*    1    ft    =    .3048   m. 
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Each  Loop  Lead  and  Lead-in  conductor  shall  be  stripped  back  and  crimped 
together  with  one,  two,  or  three  Loop- detector  conductors  as  required 
for  the  particular  installation.     The  two  lead-in  conductor  splices  shall 
be  staggered  so  that  they  cannot  come  into  contact  with  each  other. 
See  Figure  11.     Each  crimp  splice  shaLl  be  soLdered  and  insuiated. 
The  insulation  materiaL  shaLl  be  standard  black  electricai  tape  or  black 
heat-shrinkable  eLectricai  tape  available  from  AMP  SpeciaL  Industries, 
VaLLey  Forge,   PA    19482.     The  Lead-in  cable  outer  insulation  and  shield 
shaLL  be  stripped  back  sufficiently  to  ensure  that  the  shield  cannot  come 
into  contact  with  either  conductor.     The  entire  splice  shall  be  covered 
with  thick- wall,  interior- seal  ant- coated,   heat-shrinkable  tubing  (avail- 
able from  AMP  Special  Industries,  Valley  Forge,  PA    19482)  or  equiva- 

* 

lent.     The  tubing  shall  extend  at  least  1  inch  over  unstripped  insuLation 
in  both  directions  before  shrinking  the  tubing.     The  tubing  shall  be 
shrunk  with  a  heat  source  delivering  at  Least  250 °F,  until  the  tubing 
seaLant  protrudes  out  both  ends  of  the  tubing  and  is  apparent  completely 
surrounding  both  the  lead-in  cable  and  the  loop  ends.   *(  1  in.  =  2.54  cm. 
,   250°  F  =  121°  C  ) 

3. 1.  2    Inductor- Loop  Detector  Unit 

Installing  a  loop  detector  for  the  PBD  consists  of  two  steps:    1)  tuning  the 
detector  to  the  loop,  and    2)  setting  the  detector  sensitivity.     Tuning  is  done 
with  controls  on  each  detector  and  with  the  Detector  Monitor  and  Select 
switch  on  the  ILDU  power  supply  section.     Detector  numbering  starts  with 
1  on  the  left  side  and  increases  to  4  on  the  right  side.     See  Figure  12. 

3.1.2.1    Procedure  for  Tuning  Loop  Electronics  to  Loop  and  Lead-in  -- 
The  sequence  for  tuning  the  loop  electronics  to  the  loop  and  lead-in  is  as 
follows: 

1)      If  loop  lead-in  is  greater  than  190  ft  (57.  9  m),  set  jumper 
(Figure  13)  on  loop  electronics  board  to  connect  El  and  E3. 
If  less  than  190  ft  (57.  9  m),  set  jumper  to  connect  El  and  E2. 
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LEAD-IN  OUTER  INSULATION 
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Figure  11.     Loop  Splice 
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Figure  13.     E1/E2/E3  Jumper 
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2)  Select  desired  detector  number  on  Detector  SeLect  switch. 

3)  Turn  sensitivity  control  maximum  clockwise. 

4)  Set  the  three  capacitor  tuning  switches  to  0.     (Coarse  tuning 
light  should  be  off. ) 

5)  Increase  setting  on  left-hand  switch  until  coarse  light  goes 
on.    Decrease  one  position. 

6)  Increase  setting  on  middle  switch  until  coarse  light  goes  on. 
Decrease  one  position. 

7)  Increase  right-hand  switch  until  coarse  light  goes  on  or 
monitor  meter  indicates  a  minimum  voltage. 

8)  Find  present  ambient  temperature  and  loop  lead-in  length 
on  appropriate  chart  (Figures  14  and  15)  to  determine 
compensation  factor. 

9)  Subtract  compensation  factor  from  thumbwheel  switch  setting 
in  Step  6  above. 

10)      Dial-in  the  compensated  number. 


Notes: 


•  Be  sure  there  are  no  vehicles  over  the  loop  when  switch 
positions  are  changed. 

•  The  switchover  point  for  capacitor  range  setting  (190  ft) 
(57.  9  m)  is  for  the  loop  installed  in  nonreinforced  pavement, 
and  loop  drive  frequency  =  100  kHz. 

•  In  reinforced  pavement,  the  switchover  point  (at  100  kHz) 
should  be  approximately  150  ft  (45.  7  m). 

3. 1.  2.  2    Sensitivity  Adjustment  --  The  procedure  for  adjusting  the  detector 
sensitivity  is  more  simple  than  tuning.     This  is  done  with  the  front  panel 
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control,  jumpers  E6,  E7,  and  E8,  and  the  Monitor  meter.     Jumpers  for 
this  function  are  Located  on  the  electronics  board  (Figure  16)  and  should  be 
positioned  according  to  Table  1.     Next,  select  the  desired  detector  number 
on  the  Detector  Select  switch.     Turn  the  sensitivity  control  fully  counter- 
clockwise.   While  observing  the  Monitor  meter,  slowly  increase  the  sensi- 
tivity until  the  following  conditions  are  met: 

a)  Vehicles  produce  outputs  from  2  to  3V  to  10V  (vehicles 
with  lower  ground  clearance  produce  higher  outputs). 

b)  Mass- trans  it  buses  should  have  a  minimum  peak  output  of 
3V,  and  a  maximum  of  9V,  total. 

Table  1.     Jumper  Settings 


Loop  Lead-in  Length 

Jumper  Position 

Feet 

Meters 

Reinforced 
Roadway 

Nonreinforced 
Roadway 

0  to  90 
90  to  440 

0  to  27 
27  to  134 

E6  -  E8 
E6  -  E7 

E6  -  E8 
E6  -  E8 

3.1.3    Bus  Classifier  Unit 

In  most  installations,  no  adjustments  to  the  BCU  will  be  necessary  at  in- 
stallation time.     The  E-switch  and  T-switch  located  on  preprocessor  card 
No.   1  and  shown  in  Figure  17  are  the  only  items  in  the  BCU  that  are  field- 
adjustable. 


3.  1.  3. 1    E- Switch  —  This  switch  governs  the  sensitivity  of  the  digital  peak 
detector  (see  Section  4,  Theory  of  Operation).     The  switch  generates  a 
binary  number,   with  the  least- significant  bit  (LSB)  on  the  right  (Figure  17, 
location  11C).     A  smaller  binary  number  increases  the  peak  detector 
sensitivity,   and  vice  versa.     The  switch  is  factory-set  to  5. 
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Figure  16.     E6/E7/E8  Jumper 
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3. 1,  3.  2    T-Switch  --  This  Switch  sets  a  voltage  above  the  background  (long- 
term  average)  value  where  the  beginning  and  end  of  vehicle  signatures  are 
sensed.     (See  Section  4,   Theory  of  Operation.  )    The  switch  generates  a 
binary  number,   with  the  LSB  on  the  right  (Figure  17,   location  11B).     A 
smaller  binary  number  decreases  the  threshold,    and  vice  versa.     The 
switch  is  factory-set  to  6. 


3.2    OPERATION 

3.2.1    Retuning  the  ILD 

If  at  any  time  it  is  necessary  to  retune  a  detector,  the  procedure  in  3.  1.  2.  2 
should  be  followed.     After  this  is  done,  the  System  Clear  switch  on  the  BCU 
should  be  pressed  and  released.     Failure  to  do  so  may  prevent  vehicle 
detection  and  bus  classification  on  that  detector. 


3.2.2    System  Clear 

After  the  installation  procedures  in  3. 1  are  completed  or  it  is  desired  to 
restart  the  PBD  system,  the  System  Clear  switch  should  be  pressed  and 
released. 


3.2.3    Test  Request 

In  addition  to  the  background  diagnostic  tests  done  in  the  BCU,  an  additional 
test  is  available  to  the  operator.     When  the  Test  Request  switch  is  pressed 
and  held,  the  following  should  occur:    1)  All  vehicle  call  and  bus  call  lights 
on  the  ILDU  should  light.     2)  Ail  vehicle  and  bus  call  relays  should  energize. 
3)  When  the  switch  is  released,  all  lights  and  relays  should  return  to  normal 
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If  this  test  is  failed,  the  diagnostic  procedures  in  Section  5,   shouLd  be 
consulted. 


3.2.4    General 

Once  the  installation  procedures  are  implemented  and  the  System  Clear 
switch  on  the  BCU  has  been  pressed  and  released,  the  PBD  may  be  moni- 
tored for  proper  operation.    If  a  vehicle  was  on  a  loop  at  the  time  the 
System  Clear  switch  was  exercised,  several  seconds  may  elapse  before 
proper  bus  classification  will  occur.     Otherwise,  after  5  seconds  or  less, 
the  PBD  system  should  be  operating  properly.     This  can  be  observed  by 
watching  the  ILDU  vehicle  and  bus  call  lights  in  conjunction  with  vehicular 
traffic  over  the  corresponding  loop. 

Any  time  any  vehicle  enters  the  loop,  a  vehicle  call  should  occur  for  that 
detector.     If  long-vehicle  presence  has  been  selected,  the  call  should  re- 
main on  until  vehicle  passage.     Within  0.  2  second  after  bus  passage,  the 
bus  call  light  should  remain  on  for  0.  5  second. 
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SECTION  4 
THEORY  OF  OPERATION 


The  PBD  system  consisting  of  a  BCU  and  one  to  four  ILDUs  has  a  simple 
system  structure.     The  BCU  acts  as  a  supporting  subsystem  to  the  ILDUs. 
However,  to  the  traffic  engineer  and  to  control  systems  in  the  intersection 
cabinet,  the  PBD  system  merely  appears  as  "smart"  ILDs.     This  is  because 
all  PBD  interfacing  with  other  systems,  such  as  the  traffic  controller,  is 
done  through  the  ILDs.     Figure  18,  shows  this  relationship  more  clearly. 
The  loops  from  the  roadway  go  the  ILD  and,  as  a  result,  the  bus /no- bus 
decision  comes  from  the  relays  in  the  ILD. 

The  discussion  of  the  theory  of  operation  of  the  PBD  system  will  be  broken 
into  these  two  subsystems.     Each  subsystem  will  be  treated  as  an  entity 
but  can  be  related  back  to  Figure  18. 


4.  1    INDUCTIVE- LOOP  DETECTOR  UNIT 

The  ILDU  consists  of  a  power  supply  and  chassis  with  one  to  four  ILDs 
(Figure  19);  the  power  supply  is  shared. 


4.  1. 1    Power  Supply 

Power  supply  operation  is  discussed  with  reference  to  its  schematic  (Drwg. 
No.    10059902,   see  Section  7). 

The  power  supply  delivers  two  voltages  for  the  ILDU.     Unregulated  25  Vdc 
is  supplied  for  use  by  the  vehicle  and  bus  call  relays  (Rll  et  al. )  and  all 
light- emitting  diodes  (LEDs).     Transformer  Tl  and  power  rectifier  diodes 
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CR10  and  CR11  suppLy  a  nominal.  25  Vdc  (115  Vac  input).      Monoiithic  volt- 
age regulator  Ul,  in  conjunction  with  pass  transistor  Q9,  supplies  regulated 
12  Vdc  ±  0.  5%  for  use  by  the  ILD  electronics.    Ql,  CR1,  and  Rl  constitute 
the  typical  relay  driver  circuit.     TJ2  is  a  buffer  amplifier  for  meter  Ml. 
Switch  SI  selects  the  desired  ILD  output  to  be  monitored. 


4.1.2    Inductive- Loop  Detector 

ILD  operation  is  discussed  with  reference  to  its  schematic  (Drwg.  No. 
10059903,  see  Section  7).         Figure  20  is  a  block  diagram  of  the  ILD  loop 
transducer  circuits. 

A  crystal  oscillator,  U3,  operating  at  2f  ,  is  divided  by  two  by  flip-flop  U2. 
Flip-flop  U2  supplies  a  reference  signal  to  phase  detector  U4  and  the  loop 
driver  U3.     Thumbwheel  switches  SI,  S2,  and  S3  select  the  appropriate 
tuning  capacitors,   CI  through  C12,  for  loop  resonance.     Jumper  Jl  pro- 
vides additional  capacitance  for  short  loop  lead-ins.     The  circuit  consisting 
of  R23,  R24,  CR5,  CR4,  and  DS1  is  used  to  suppress  high- voltage  transients 
(lightning,  etc. )  which  might  appear  at  the  loop  inputs.     Transformer  Tl 
takes  the  common  mode  signal  off  the  loop  to  the  zero- crossing  detector, 
U6.     The  loop  signal  is  further  shaped  by  U4  and  sent  to  the  phase  detector, 
U4,  and  flip-flop  U2.     The  output  of  the  phase  detector  is  integrated  by  net- 
work R13,  R14,  and  C5  and  amplified  by  U5.    Jumper  J2  selects  a  high/low 
sensitivity  range  for  the  ILD. 

Flip-flop  U4  is  used  to  determine  when  the  phase- detector  output  is  on  the 
wrong  side  of  null. 

Monostable  multivibrators,  Ul,  in  conjunction  with  switch  S4,  determine 
the  length  of  time  the  vehicle  call  relay  is  energized  (short,  medium,  long). 
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4.  2    BUS  CLASSIFIER  UNIT 

The  BCU  is  organized  around  the  NationaL  Semiconductor  IMP- 16  micro- 
computer.   A  bLock  diagram  of  the  operational  structure  (Figure  21)  shows 
the  bus-oriented  nature  of  the  BCU.    The  BCU  is  an  interrupt- driven  sys- 
tem.   Figure  22  shows  the  order  of  card  Locations  in  the  chassis. 


4.2.1    Input /Output  Module 

I/O  module  operation  is  discussed  with  reference  to  the  I/O  schematic 
(Drwg.  No.   10059899,  see  Section  7).         Three  functions  are  performed  on 
this  card:    system  auto- re  start,  reai-time  clock,  and  ILD  relay  driver 
interface. 

The  auto- restart  circuit  monitors  the  +5V  suppLy  for  low  voltage  via  com- 
parator 4C  and  R23.  When  low  voltage  is  detected,  4C  trips  flip-flop  gate 
6C.  Recovery  time  is  governed  by  CR2,  R13,  and  C14.  The  output  of  the 
auto-restart  circuit  is  "OR"ed  with  the  System  Clear  switch,  SI,  and  goes 
to  other  BCU  cards.  Auto-restart  can  also  be  initiated  by  the  central 
processor  unit  (CPU)  via  flag  13  and  monostable  multivibrator  6D.  CPU- 
generated  auto-restart  can  be  inhibited  by  switch  S3. 

Flip-flop  8D  (left  half)  monitors  the  occurrence  of  a  CPU-initiated  auto- 
restart and  drives  fault  2  indicator. 

Flip-flop  8D  (right  half)  monitors  the  occurrence  of  a  CPU-diagnosed 
random- accessed  memory  (RAM)  error  via  flag  11  and  drives  fault  1 
indicator. 

A  0.  2- second- period  real-time  clock  for  the  BCU  is  made  of  gated  stable 
multivibrator  7 A  and  flip-flop  9A.     Flip-flop  9A  drives  the  CPU  general 
interrupt  line  until  it  is  cleared  by  the  CPU  via  9B  or  stopped  by  the  CPU 
via  10B« 
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Hex  flip-flops  2B  through  5B  are  the  latches  for  bus /vehicle  output  for  each 
ILD.     1A  through  5 A  are  open- collector  buffers. 

Circuits  8B,    8C,    and  9C  are  address  decoders  which  decipher  what  function 
is  to  be  performed  on  the  I/O  card.     Debounce  flip-flop  8B  with  switch  SI 
is  a  CPU  jump  condition  input  for  diagnostic  purposes.     Debounce  flip-flop 
10A  and  switch  S2  form  the  test  request  circuit  located  on  the  BCU  front 
panel. 

4.2.2    Preprocessor  Module 

The  primary  purpose  of  the  preprocessor  is  to  extract  the  important  features 
from  each  loop  detector  signal,  up  to  a  maximum  of  16  ILDs,  and  store  these 
features  in  the  IMP-16  memory.     Figure  23  is  a  sketch  of  an  idealized  bus 
signature  showing  the  primary  signature  features  extracted.     These  features 
are  the  values  of  the  signature  peaks  and  their  associated  time  intervals.     The 
secondary  function  of  the  preprocessor  is  to  determine  vehicle  presence. 
Presence  information  is  sent  to  the  IMP-16  memory  for  processing. 


PRIMARY  FEATURES 

TQ   =   TIME  FROM  TURN-ON  TO  FIRST  PEAK 

T,    =    TIME  FROM  FIRST  PEAK  TO  SECOND  PEAK 

Ts    =    TIME  FROM  SECOND  PEAK  TO  LAST  PEAK 

TL   =    TIME  FROM  LAST  PEAK  TO  TURN-OFF 

M,   =    MAGNITUDE  OF  FIRST  PEAK 

M2  =    MAGNITUDE  OF  SECOND  PEAK 

M.    =    MAGNITUDE  OF  LAST  PEAK 


Figure  23.     Bus  Signature  Primary  Features 
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The  preprocessor  consists  of  two  printed- circuit  cards.     These  cards  contain 
the  analog  interface  to  the  Loop  detectors  (ILDs)  and  the  direct- memory  address 
(DMA)  interface  to  the  IMP- 16  RAM,  among  other  functions.     Figure  24  is  a 
block  diagram  of  the  preprocessor  showing  the  gross  partitioning  of  the  functions 
on  each  card. 
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Figure  24.     Preprocessor  Block  Diagram 

Card  1  is  represented  by  schematic  diagram  10059904  (see  Section  7).     On 
sheet  1,   3C  and  4C  comprise  the  program  counter  which  feeds  a  latch,   3D 
and  4D.     The  preprocessor  program  is  contained  in  programmable  read- 
only memories  (PROMs),   2B,    3B,   and  4B.     2 A,    3A,    and  4A  decode  the  pro- 
gram instructions  and  control  the  individual  registers,   memory,   etc.  ,   in 
the  remainder  of  the  preprocessor.     1C  and  IB,   with  associated  circuitry, 
generate  the  preprocessor  clocks  which  control  the  timing  of  the  preprocessor. 
5E,   6E,   and  associated  circuitry,   generate  and  control  the  250-ns  interrupt 
for  polling  of  the  detectors. 

Sheet  2  shows  the  arithmetic  logic  units  (ALUs),   7A,    8A,    and  9A,   and  associ- 
ated support  registers,   6A,   10A,   5A,    11  A,    7B,    8B,   and  9B.     6B  and  10B 
comprise  a  general- purpose  register  used  for  temporary  data  storage.     6C 
and  9C  are  additional  instruction  decoders  for  preprocessor  control.     10F  is 
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a  flag  register  and  feeds  11F,  the  jump  multiplexer.     IOC,  5C,   11B,   5B,  and 
11C  are  tristate  data  buffers.     The  T- switch  sets  the  threshold  voltage  (above 
background)  at  which  vehicle  presence  is  detected  (0-  of  Figure  23).     The  E- 
switch  selects  the  sensitivity  of  the  peak  detector  routine  (e  of  Figure  23). 

Card  2  is  represented  by  schematic  10059901  (see  Section  1).    On  sheet  1, 
the  DMA  interface  control  is  shown.     11D  latches  a  DMA  request  under  pro- 
gram control.     When  the  IMP-16C  is  not  using  memory,   9B  enables  shift 
register  10D,   which  generates  the  timing  signals  for  the  DMA  cycle.     9B 
(right  half)  controls  the  data  and  address  bus  drivers  located  on  sheet  2. 

Sheet  2  shows  the  16-channel  analog  multiplexer,   4A,  and  A/D  converter,  2C. 
3B  and  4C  are  tristate  data  buffers.     4B  and  7C  comprise  the  RAM  address 

register  for  RAM  5D,  6D,  and  7D.  The  DMA  address  register  is  5B  and  8B, 
with  bus  drivers  7A,  8A,  and  IOC.  The  DMA  data  register  is  2B  and  6B  with 
bus  drivers  6A,  2 A,  and  5A. 


4.  2.  3    Programmable  Read- Only  Memory  Module 

PROM  operation  is  discussed  with  reference  to  its  schematic  (Drwg.   1005990, 
see  Section  7).         This  card  contains  all  PROM  for  the  IMP- 16  CPU.     Memory 
chips  1C  through  IOC  are  erasable  PROMs.     4A  and  5A  are  address  buffers. 
6 A  and  8B  are  address  decoders  which  select  the  memory  chip  pair  in  which 
the  desired  data  are  located.     1A,  2 A,  and  3 A  are  tri statable  memory  output 
data  buffers. 

Circuits  7 A,  8A,  and  9 A  are  buffers  for  the  debug  card,  general  interrupt 
circuit,  and  the  DMA. 
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4.2.4    Central  Processor  Unit  Module 

The  theory  of  operation  of  the  IMP-16C  is  covered  in  detail  in  Section  9  of  the 
IMP-16C  Application  Manual.     This  subsection  will  therefore  treat  only  the 
general  aspects  of  the  IMP-16C. 

Figure  25  is  a  block  diagram  of  the  CPU  card,  showing  the  major  functions 
on  it.     These  major  functions  are: 

•  Central  processing  unit  •  Control  flags 

•  Clock  generators  •  Conditional  jump  multiplexer 

•  Input  multiplexer  •  On- Card  memory 

•  Data  buffer  •  Address  latches 

The  CPU  is  configured  around  the  National  Semiconductor  GPC/P  (general- 
purpose  controller /processor)  metal-oxide  semiconductor/ large-scale 
integration  (MOS/LSI)  devices,  as  shown  in  the  block  diagram.     The  MOS/LSI 
devices  consist  of  one  CROM  (control  read-only  memory)  and  four  RALUs 
(register  and  arithmetic  logic  units).     Each  RALU  handles  four  bits,  and  a 
16-bit  unit  is  formed  by  connecting  four  RALUs  in  parallel.     A  4-bit-wide 
control  bus  is  used  by  the  CROM  to  communicate  most  of  the  control  informa- 
tion to  the  RALUs.     The  CPU  includes  provision  for  adding  a  second  CROM 
for  an  optional  extended  instruction  set  which  is  used  in  this  system. 

The  clock  generator  provides  the  MOS  clock  drivers  and  CPU  timing  signals. 
The  system  clock  is  distributed  outside  of  the  IMP-16C  for  synchronization 
of  peripheral  units  with  the  IMP- 16 C. 

External  to  the  MOS/LSI  circuits  but  still  within  the  IMP-16C  are  control 
flags  for  both  the  IMP-16C  and  external  interfacing  circuits.  These  con- 
trol flags  are  in  addition  to  the  status  flags  that  are  internal  to  the  RALUs. 
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The  status  f  Lags  are  discussed  in  the  description  of  the  CPU.     The  controL 
flags  are  discussed  in  Section  9  of  the  IMP-16C  Application  Manual  under 
Control  Flag  instructions.     Conditional  branches  are  selected  by  the  con- 
ditional jump  multiplexer.     These  branch  conditions  are  discussed  in  the 
manual  under  Branch- On- Condition  (BOC)  instructions. 

Data  from  the  user's  peripheral  devices  and  add-on  memory  are  received  by 
the  input  multiplexer.     Data  from  the  on-card  memory  are  also  processed 
through  the  input  multiplexer  en  route  to  the  CPU. 

Output  data  are  made  available  from  the  16-bit  data  buffer  via  the  card- edge 
connector  to  the  user's  peripheral  devices  and  add-on  memory.     A  16-bit 
address  bus  is  also  brought  out  to  the  card- edge  connector  for  addressing 
both  add-on  memory  and  peripheral  devices. 

The  memory  on  the  IMP- 16  card  consists  of  1024  words  of  read /write  memory 
and  sockets  for  1024  words  of  PROM  or  ROM.     A  maximum  of  65,536  words 
may  be  addressed. 

The  IMP-16C  Application  Manual  is  referenced  in  the  Appendix;  for  a 
detailed  description,  see  Volume  II  of  this  report. 
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SECTION  5 
DIAGNOSTICS 


This  section  provides  the  necessary  information  required  to  maintain  the 
PBD  system  in  proper  operating  condition.     The  functional  modularity  of  the 
PBD  system  allows  rapid  diagnosis  to  printed -circuit  card  level.     Once  the 
defective  card  has  been  isolated,  the  card  would  be  returned  to  the  factory 
for  repair.     Also,   since  there  are  only  a  few  printed-circuit  cards  in  the 
system,  card  substitution  is  a  rapid  method  of  correcting  the  system  mal- 
function. 

Fault- isolation  procedures  would  most  likely  take  place  in  one  of  two  loca- 
tions.    This  would  be  at  the  field  (i.  e.  ,   intersection)  or  at  the  shop  level. 
The  application  of  these  procedures  is  left  to  the  user's  discretion. 

Because  of  the  nature  of  the  equipment  and  the  desire  to  return  the  intersec- 
tion to  normal  operation  as  soon  as  possible  using  a  minimum  of  equipment, 
the  recommended  technique  used  at  the  field  level  is  essentially  one  of  ILD 
or  BCU  module  substitution. 


5.  1  GENERAL 

Maintenance  personnel  shall  observe  intersection  light  operation,   ILD  and 
BCU  status  lights,  and  record  such  observations  for  use  at  the  shop  level 
of  repair,   should  that  become  necessary.    Maintenance  personnel  will  have 
previously  determined  that  an  intersection  control  system  problem  exists. 
The  procedure  contained  herein  will  aid  in  determining  whether  or  not  the 
PBD  system  consisting  of  the  ILDU  and  the  BCU  are  functional. 
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In  general,   only  two  basic  symptoms  will  be  evident  when  the  PBD  system 
fails.     Either  one  or  more  ILDs  will  fail  to  tune,  or  one  or  more  detector 
channels  will  fail  to  classify  busses  properly.     Procedure  1  below  addresses 
misclassification;  Procedure  2  below  addresses  ILD  tuning  failure. 


5.  2  DIAGNOSTIC    PROCEDURES 

Follow  Figure  26  from  the  starting  point  and  replace  the  appropriate 
module (s)  when  a  fault  is  detected.     Then  restart  the  test  procedure  and  con- 
tinue until  the  problem  is  resolved.     A  voltage-ohm-milliammeter  (VOM) 
will  be  needed  for  performing  voltage  and  resistance  checks. 


5.  2.  1  Procedure    1 

The  PBD  fails  to  classify  properly.     Follow  Figure  26. 

5.  2.  2  Procedure     2 


The  ILD  fails  to  tune  properly.     This  procedure  (see  Figure  27)  assumes 
that  the  loop  connections  are  properly  made  with  the  ILDU. 


46 


Figure  26.     Diagnostic  Flow  Chart 
(Sheet  1  of  11) 
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0 


PRESS  AND  RELEASE 
SYSTEM  CLEAR 
SWITCH  ON  BCU. 
(1) 


YES 


THE 

PREPROCESSOR 
FAILED.    REPLACE 
THE  BCU. 


THE  IMP-16 

FAILED. 

REPLACE  THE  BCU. 


START  TEST 
OVER. 


NOTES: 

(1)  IT  IS  PREFERRED  TO  DO  THIS  WHEN  NO  VEHICLES  ARE  ON  OR  NEAR 
THE  STREET  LOOPS;  THIS  ENSURES  DESIGNATED  STATUS  LIGHTS 
ARE  OUT  DURING  SUBSEQUENT  TEST. 

(2)  IF  VEHICLES  OR  BUSSES  ARE  NEAR  LOOPS,  THOSE  CORRESPONDING 
LIGHTS  MAY  COME  ON. 


Figure  2  6.     Diagnostic  Flow  Chart 
(Sheet  2  of  11) 


(continued) 
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SET 

MAIN  POWER 

SWITCH  TO  ON. 


YES 


SET 

MAIN  POWER 
SWITCH  TO  OFF. 
REMOVE  FUSE. 


BAD 


REPLACE 
FUSE. 


STOP, 

CORRECT  LINE 
POWER  FAILURE. 


YES 


REPLACE 
POWER  CABLE 
AND/OR  ILDU 
CHASSIS. 


START  TEST 
OVER. 


Figure  26.     Diagnostic  Flow  Chart     (continued) 
(Sheet  3  of  11) 
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£ 


PRESS  AND  HOLD 
TEST  SWITCH 
ON  BCU. 


YES 


RELEASE 
TEST  SWITCH. 


THE  IMP- 16 
FAILED  (OR  NO 
INTERRUPTS). 
REPLACE  BCU. 


THE  IMP-16 
FAILED.    REPLACE 
BCU. 

(3)  (4) 


NOTES: 

(3)  SEE  NOTES  (1),  (2)  ON  SHEET  2. 

(4)  IF  REPLACING  BCU  DOES  NOT  RESOLVE  PROBLEM, 
THEN  DETECTORS  1-8,  OR  9-16  CABLE  MAY  BE  BAD. 


Figure  26.     Diagnostic  Flow  Chart  (continued) 
(Sheet  4  of  11) 
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WAIT  FOR  A 
BUS  TO 
CROSS  A  LOOP. 


ADJUST  DETECTOR 
TUNING  AND 

SENSITIVITY  CONTROLS, 
(6) 


/SHEET  6\ 


TRIAL 


IMPOSSIBLE  TO  ADJUST 


REPLACE 
ILD  FOR 
THAT  LOOP. 


START  TEST 
OVER. 


NOTES: 

(5)  METER  RESPONSE  SHALL  BE  PER  PARAGRAPH  3. 1.  2.2  . 

(6)  ADJUST  PER  PARAGRAPH  3. 1.2.2  . 

Figure  26.     Diagnostic  Flow  Chart    (continued) 
(Sheet  5  of  11) 
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NOTE: 
(7) 


LENGTH  OF  VEHICLE  PRESENCE  LIGHT  DURATION  IS  DEPENDENT  ON 
VEHICLE  PRESENCE  SWITCH  POSITION  (FOR  THAT  DETECTOR).    IF 
SWITCH  IS  IN  "L"    POSITION,  THE  LIGHT  WILL  BE  ON  FOR  AS  LONG 
AS  A  VEHICLE  IS  ON  LOOP. 


Figure  26.     Diagnostic  Flow  Chart     (continued) 
(Sheet  6  of  11) 
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REPLACE  BCU; 
PREPROCESSOR 
IS  FAULTY. 


REPLACE  BCU; 
THE  IMP-16 
IS  FAULTY. 


REPLACE  BCU; 
THE IMP-16 
MEMORY  IS  FAULTY. 


YES 


REPLACE  BCU; 
PREPROCESSOR 
CYCLE  STEAL 
IS  BAD. 


START  TEST 
OVER. 


Figure  26.     Diagnostic  Flow  Chart    (continued) 
(Sheet  7  of  11) 
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REPLACE  BCU; 
(IMP- 16)  I/O  CARD 
FAULTY/ 


OR  DETECTORS 
1-8,  OR  9-16  CABLE 
IS  FAULTY. 
REPAIR  IT. 


START  TEST 
OVER. 


Figure  26.     Diagnostic  Flow  Chart 
(Sheet  8  of  11) 


(continued) 
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o 


REPAIR  NOT 
NECESSARY 
AT  THIS  TIME. 


YES 


/sheet  io\ 


REPLACE  ILD; 
RELAY  FAULTY 
(OR  CABLE  BAD). 


I 


IF  PROBLEM 
PERSISTS,  FAULT 
IS  ELSEWHERE 
IN  SYSTEM. 


I 


START  TEST 
OVER. 


Figure  26.     Diagnostic  Flow  Chart   (continued) 
(Sheet  9  of  11) 
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NO 


ir 

NO 

h 

REPLACE  BCU; 
IMP-16  OR 
CYCLE  STEAL 
FAULTY. 

w 

1 

4 

f 

NO 

START  TEST 
OVER. 

NO 

&, 

REPLACE  ILD; 
RELAY  FAULTY 
(OR  REPAIR  CABLE). 

w 

1 

YES 

IF  THIS  DOES 
NOT  CORRECT 
PROBLEM',  LOOK 
ELSEWHERE  IN  SYSTEM. 

(SHEET  11 


Figure  26.     Diagnostic  Flow  Chart 
(Sheet  10  of  11) 


(continued) 
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REPLACE 

REMAINING 

PBD  COMPONENT. 


PROBLEM  NOT 
IN  PBD;  LOOK 
ELSEWHERE  IN 
SYSTEM. 


YES 


c 


END 


START  TEST 
OVER. 


Figure  2  6.     Diagnostic  Flow  Chart 
(Sheet  11  of  11) 


(continued) 
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CHECK  FOR 
BLOWN  FUSE 


YES 


YES 


CHECK  REGULATED 
12V  ON  CHASSIS. 


CHECK  POWER 
HARNESS  IN 
CABINET. 


NO 


YES 


REPLACE  ILDU 
POWER  SECTION 
AND  RETUNE. 


REPAIR  LOOP. 


REPLACE  LOOP 
ELECTRONICS  AND 
RETUNE. 


Figure  2  7.  ILDU  Tuning  Flow  Chart 
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SECTION  6 
ASSEMBLY  DRAWING  AND  PARTS  LISTS 

The  following  assembly  drawings /parts  are  presented  in  this  section: 


Drwg.    No. 

Subject 

Revision 

YG1191A01 

Detector,   Bus 

Original 

28021592 

Cable  Assembly,    Power  -  Loop 
Detector 

A 

28021595 

Cable  Assembly,   BCU  to  Loop 
Detector 

A 

28021596 

Cable,   Loop  Detector 

A 

28021597 

Cable  Assembly,   Bus  Classifier  Unit 

A 

28021574 

Bus  Classifier  Unit  Assembly 

A 

28021579 

Harness  Assembly  Power  Supply 

A 

10063318 

Printed-Circuit  Assembly  Mother- 
board,  BCU 

A 

10063319 

Printed-Circuit  Board  Motherboard, 

Original 

(Sheets 
1,2,3) 

BCU 

PL10059900 

Bus  Detector,   PROM  Memory 

C 

10059900 

Printed-Circuit  Assembly,   PROM 
Memory,   BCU 

Original 

10063320 
(Sheets 
1,2,3) 

Printed-Circuit  Board  -  PROM 
Memory,   BCU 

Original 

PL10059899       Bus  Detector,    I/O 
(Sheet  1) 

PL10059899       Bus  Detector,    I/O 
(Sheet  2) 


D 
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Drwg.   No. 

Subiect 

Revision 

10059899 

Printed-Circuit  Assembly 
I/O,   BCU 

Original 

10063321 
(Sheets 
1,2,3) 

Printed-Circuit  Board  -  I/O 

Original 

PL10059904 
(Sheet  1) 

Preprocessor  Control  Decoding, 
Card  1 

B 

PL10059904 
(Sheet  2) 

Preprocessor  Control  Decoding, 
Card  1 

D 

10059904 

Printed-Circuit  Assembly, 
Preprocessor  No.    1,   BCU 

Original 

10063322 
(Sheets 
1,2,3) 

Printed-Circuit  Board, 
Preprocessor  No.    1,   BCU 

Original 

PL10059901 

Cycle  Steal  Control/ Address, 
Preprocessor  Card  No.   2 

C 

10059901 

Printed-Circuit  Assembly, 
Preprocessor  No.   2,   BCU 

Original 

10063323 
(Sheets 
1,2,3) 

Printed-Circuit  Board,  Preprocessor 
No.   2 

Original 

28021581 

Loop  Detector  Assembly 

A 

28021589 

Cable  Assembly,    Power  Supply 

Original 

28021590 

Cable  Assembly,   Signal 

A 

PL10059903 
(Sheet  1) 

Loop  Electronics 

B 

PL10059903 
(Sheet  2) 

Loop  Electronics 

A 

PL10059903 
(Sheet  3) 

Loop  Electronics 

B 
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Drwe.    No. 

Subject 

Revision 

10059903 

Printed-Circuit  Assembly,  Loop 
Electronics 

Original 

10063310 
(Sheets 
1,2,3) 

Printed-Circuit  Board  -  Loop 
Electronics 

Original 

10063324 
(Sheets 
1,2) 

Printed-Circuit  Board  -  Thumbwheel 

Original 

PL10059902 

Power  Supply,   Loop  Electronics 

D 

10059902 

Printed-Circuit  Assembly  -  Relay 
and  Power  Supply,   Loop  Electronics 

Original 

10063315 
(Sheets 
1,2,3) 

Printed-Circuit  Board  -  Relay 
and  Power  Supply 

Original 

10063313 

Printed-Circuit  Assembly  Mother- 
board,  Loop  Electronics 

A 

10063314 
(Sheets 
1,2,3) 

Printed-Circuit  Board  -  Loop 
Electronics  Motherboard 

Original 

10063311 

Printed-Circuit  Assembly,   Extender 
Loop  Electronics 

Original 

10063312 
(Sheets 
1,2,3) 

Printed-Circuit  Board  -  Extender 

Original 

61 


i  -  r\j  m  io  £ 

ri.  cd  <n  m  <n  <JJ 

m  in  m  in  jo  _- 

iu  a)  (O  Jo  ftj  aJ 

o  o  o  o  0  o 

00  oO  00  CD  00  (0 

(U  (VJ  (0  ftj  IU  (U 


tf 

DC 

or 
o 

/ 

0 

h 

* 

V- 

h 

z 

O 

o 

u 

3 

1 

uJ 

ijj 

a: 

J 

h 

h 

o 

IL) 

ni 

uJ 

U- 

> 

o 

0 

li- 

uJ 

I 
h 

u. 

0 

m 
in 

h 
7 

>- 

«') 

0 
0 

J 
1 
n 

0- 
0 
0 

J 

0 

ar  in 
1-  j 

ifl 

"1 

hi 

H 

h  ,0 

It 

uJ 

ct 

0 

h 

5 

0 

i 

O 
0 

CD 

uJ  ^ 

(/) 

ll 

0 

n 

«"* 

7 

III 

>- 

> 

o  (n 

O 

u 

i/i 
m 
< 

h 

Q 

I/I 

in 
< 

I/) 
ifl 
< 

q  «n 
J  < 

> 

j 

uJ 

U 

uJ  uJ 

III 

0 

0. 

J 

j 

J  J 

h 

in 

0 

CO 

co 

CO   CO 

w 

3 

0 

< 

< 

<  < 

>- 

rfl 

J 

o 

u 

o  o 

(/) 

in 

I 

h 

i"; 


z  = 

OS 
DD 


o 

< 


ft) 

00 


4 
63 


A 


m 


${-w+*^<a*°z:X«t^£*Z^3X%&XX%n%n$%&%$%) 


T 


< 

o 

I 
o 
(f) 


lo* 


S^>- 


K-rl 


." 


5S   3 


So 


.85 


1-00- 


§3 


ill* 


<N<3 


64 


65 


1 


-&■  moJ  — 


CM' 


-~  >  ii  1.00- 


lOo 


°* 

—* 

J 

z 

* 

rv 

2 

< 

Si 

_l 

1 

m 

o 

r 

"- 

"1 

+ 

f  <  CO  u] 


co     ifl 
"<3 


66 


It 


CL  {<:  °Q  o  Q  Uj  U.  <j| 


1 


KmM 


;*     *     >•    § 

s  I  e  ^ 


q     **> 


N! 

•JR.     kj 


«o]<H<]  <<1 


67 


69 


TH    I 


JTf^ 


U    <*      I  -. 

<    I  ui 


r-_i    i — i   r~n    r__i 

i    i     i 


I 1      i 1      I I      I I      L_J      l__J 


I  0 


sO  SO  SO 


o 
o 


UAJ 


!♦ 


70 


I  I— 


n 


Hum 

?  S   5  a)  «  o  u. 


|0 


:*   .. 


i!  ill  il  I 

*Ll=3S|s5ili 

iPiiii-Ull! 


Is  §   z   »!{25 

S*  »  5  ilfl! 

q  I  i  a  fill  5  =  *-g^ 
tf  =  1  I  Mil 


;?ill 


=55i  Jis^sis  :  5  Ml? 


ISll 


i5   »;sls   J.    - 

i!   Ssiss   5aa-   .   E| 
Si    aglei    !»;=    3   ° 

ai*l-5iBsiiS"  2  i 

2g|S ; rl8s*E|Sgl   | 

s|iiPs||^3|5isSj- 
s-g?iiii=sii<=J|sii 

»i53iiiissi:=53lil 


"*      5" 


T 


71 


J O I       rwdill         1*7  I      I 


i! 


72 


1    r""-°-.».     £■]__!_ 


■  9 

b 


I?? 


(J  o 
O  p 
y     * 


i        s        r 


73 


Honeywell 

SUPCRSC  Dl  S 

ENGINEERING  PARTS  LIST 

P.INTEO  IN  U.  S.  A.l 

SI. 

I'LRM  Of  D  OY 

PL 
/oo^tOo 

REV. 

DATE 

E.O. 

HL'V. 

DATE 

E.  O. 

BOS  DETE -TOR5PR0M. 

MtM 

A 

£-<7-77 

TYPCD  B 

V 

IT'RD.  BY 

CHKO.  BY 

Dai  r- 

SHf-ETS 
1 

■.MCE  r 

NO. 

B 

ltf-4-77 

<L 

10-/0-77 

QTY 

-1(31 

PART  NO.                                                               PART  NAME 

"74LS3&-7       &US  DRIVER,  TRVSTATE 

£ 

iA,a 

A,3A, 

4A,5" 

A 

IYAS&23M          ^56x4    P£o/A 
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GA 

It\WvS-i\ 

74LS\S£~             \  o)  8    D*c«>Ur 
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8B 
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GA 

'A 

M*T;<3r*\  Si^vi 
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_L 

I0A 
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b/'onrv 

TGs\o                   CAPACITY 

is 

•3/ l*i 

6,7  8, 
I5fl6, 

171a 

,12, 
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m^OQ2/o|-^-77            lx         ,  ISO^ 

2. 

Cl,3 

r  7 

M3300J/0 1-2.301  Capacitor,!  0  0/uF 

1 

ca 



RCR07^lO2JP  Resistor         ik 

£> 

*»,4j 

5,«> 

7,10 

RCR07G,47EJP   RESISTOR   4.7K 

4- 

RE,3, 

8,9 

1 

1 

448334-7     TERMINAL 

a 

TPI, 

2.  A 
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i^a 
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Honeywell 

suptTRsenr.s 

ENGINEERING  PARI 

SI 

1 

.1ST 

PRINTED  IN  U.  S.  A.1 

10059*99 

REV. 

DATE 

CO. 

REV. 

DATE 

E.O. 

BUS  DETECTOR  ?  l/o 

^r^W-Tj 

TYPED  BV 

(■PRO.  bV 

CMKO.  BV 

DATE 

SHEETS 

z 

SHEET 

NO.       . 

jL. 

6-9-7  7 

QTY 

PART  NO.                                                               PART  NAME 

"74LSH4-                       Uex    T^    Reqister 

C* 

IB,  2 

B,3I 

S,4B 

,56, 

&B 

~74o7                       HexOC  Buffer 

Cp 

IA,a 

A;    3 

\4A 

,5  A, 

€»A 

~HlA0O                     QuAWKNb 

a. 

8  A, 

10A 

14LS74-                 OOM  D  FLIP.FLOP 

X 

3D, 

3A 

74LS22  \         D°^  MOHOSTAM  F-f 

z 

GD, 

7A 

14-LSO^                 QUAD   MOR 

3 

7D, 

S3, 

IOC 

14LS04-            HEX  1NV£RX67* 

\ 

7B 

"H^BS             I  °F  9  DECODER. 

z 

8C, 

3C 

- 

142£"                      D«M<-  4-  Ntffc. 

\ 

8A 

lAot*             HEX  OC  MVeFTER 

\ 

3D 

C\Ho23           Tfc\PLE"  WAND 

\ 

GC 

Rc^ 

CM-oo^              HEX  IWVEFTtf/? 

\ 

IOD 

r^CAJ 

*74LSsn                 T*\HB3N6fl. 

\ 

7C 

1 

LV^\\\>           COMPARATOR 

\ 

4C 

MTW 

MLS 

EMI 

hTSZo\               SWITCH  SPDT 

z 

5WI, 

3 

CI 

TL€! 

^-HA 

MM5/ 

5 

^8(*oo                        \\       SPST  ™0M 

\ 

swa 

CI 

>TLE 

R-H/ 

MM6 

* 

£C*^7££2|jp  R£S\ST0R.  624^* 

\ 

RIO 

RCR075S43JP       N>        ,  24K;  " 

\ 

Rll 

R0RO76,  IOOJP                     \o<;  *« 

2. 

Rli 

12. 

1 

RCR07C7IO4JP        u       ;  \oofc,  " 

3 

RI3, 

14, 18 

RCR07(^393JP        n       .  ">Bt,XA 

\ 

R£E 

\ 

RIG 

£CR07  G  5I4JP               ,  5"\<?fc»,  " 

\ 

RI3 

n                                 *             / 
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SUPFU5FDI   S 

F 
ENGINEERING  PARTS  LIST 

RINTED  IN  U.  S.  A. 

SUPERSEDED  UY 

©OS  DETECTOR  ,  i/o 

/oosien 

REV. 

"     DATE 

E.O. 

REV. 

DATE 

CO. 

2^»wn 

TYPED  DV 

PPRD.  UY 

CHKD.  BY 

DATE 

SHEETS 

SHEET 

NO.^ 

A 

G'l-17 

e 

7-27-77 

QTY 

c 

It'll 

D 

\o-C~77 

PART  NO.                                                               PART  NAME 

RCFL0  7<?47.Z.JP    RESISTOR, 47  K  )>±W 

4 

R7,8, 

9,20, 

2.1 

m^W               POT£:rtTlONVETEK..5-ot 

\ 

R£4 

Bo 

UKMS 

33  8^  W                           M           ,»oo*. 

1 

RE  3 

fco 

Ulki 

RC  R07G,io*  J  p    WESlSToR,\K?  Vi  VM 

4 

R3j 

4,5, 

fc 

^M^W                          PlOPE 

3 

CR2, 

3,4 

\N  B£\                   Diode;   TZener 

_L 

CRI 

CK0&&X\o5\\  Capacitor,  \  ^ 

4 

C8, 

17,18 

,2LO 

CKoSBXloa^           ^       ,.oo\ 

2. 
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14 

TGSVO                       «       ,   .ot 

\0 

CIA 
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SPR/ 

kG»UE 

CK05BXIOOK          h       „  |of»4 

\ 

C3 

*       i 

1 
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/i^; 

"VA* 

?277 

ft-/ 
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a 

CZ,4 

^7 
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18-/< 
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j 

I0B 
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a 

Ri 

THRU 

RS 

RCREOQIROJ      RESISTOR      | 

I 

R!l 

RN55DG80IF      RESISTOR  <o8| 

i 

R3 

RN55DI00IF      RESISTOR       IK 

i 

RIO 

CM04EDIOIJ       CAPACITOR    lOOpF 

i 

C2., 

C4 

50IU02.5DIN       CAPACITOR    500 

i 

C  1 

- 

S3EU050N3C   CAPACITOR  2300 

i 

C3 

AZ420-V5O-4H    RELAY 

s 

Kl   T 

HRU 

K8 

AMER 

ICAH 

•ZEIT 

LER 

STI40-AI          RELAY  SOCKET 

8 

AMES 

ICAW- 

ZCIT 

LER 

5T140-1             RETAINER 

e> 

AMEP 

JCAN 

ZEJTI 

.<?*. 

£05  853 -a      CONNECTOR, RTANQ 

i 

J  3 

03-09-2153        PLUG, 

i 

J7 

MO 

LEX 

02-03-2134       CONTAC^MALE 

IS 

G-32UNCX.38LG,  SCREW,PAN  HEAD 

2. 

NO.  G                      LOCKWASHER 

2. 

&-3a                     IMUT^HEX 

2. 

IOOG33I5       PC    BOARD 

1 

111 


55!' 


i!  ! 


a>        or         or <r_        <y         nr       cr 


sit* 


II  ML 


112 


liiiifiiiiiiiii 


*'  *,U*l  I  *M  Is 
If  iSll  las;  ^  si 

Hi'«ii?S  - 

SriSBlgSS-i  ,. 

Piifgisi'Sli! 


■I 

ill 


Eh  .■B«"5D!!S"S5Is    S» 

ISsailisSSiSsSliii 


113 


I  r- 


ooooooooooooeoooeoo 
"   eooeeooooeoooeoeeo   ° 


J 


Si 

m  - 

O 

- 

I; 

B. 

Ul 

1 

1 

a 

1 

N 

! 

1 

- 

1       =T 


114 


I I a_ 


_* a. 


I       wiimr;       I'jI 


o"1 


-5        r 


"♦       5        r 


m  J  ■ 

8 


"Hi- 


115 


O    C 


(dOC 


3    O 


116 


|"  -IQ0633I3        I" 


?       O    C 


|9 


o 

■■       —  ■                      1 

^ 

o 

D 
0 


117 


_x I o_ 


\     r"W33M      l-al    I  < 


r 


L 


e    e   e  e       o    o 
e    e   e  o  ©  (Ow  o 

e   e    ©  ©  » \  ©\  © 
e   e       e  o\/o\o 


n 


o 
n 
0 


J 


o         r 


^  S" 


118 


_C^ 


ZEL 


I  |  a  r 


0 
i  o 


r 


© 

o 


L 


~1 


+'  s 


la 

l-U 


j 


119 


J_E 


IX 


/ 


120 


J2 L 


J_C 


~n  i 


J 


SMf 


^ 


o  o  o 


(/ 


.1  i  ! 

I- 1 1 

5rl|ill 


si  I  <e 

So     5     SS 

SB    3    SE 

is  5  -: 


-     l. 


5s    ,'»5S    5 
15    PlS*-1 


aB-iliMi«ia 

sg|lisi»|l«i3 

lii^ssjr*5-2 


I  § 

5     - 


illj 

■as 

Hill 


»icSS   g 


>?ilii 


Sffl 


SojSa 


o-l-l    I"1 

llli|ll-ii5i?s 


fr 


31=1S  |li! 


b 


|i. 


§i|i?-:iis  .. 

:  1 5  r  1  =  s  I  i  "  *  '  £  2  1 


-3        r 


121 


J_C 


TEL 


r 


TTTTTTTTTTTT 


.   "1 


0 

n 
o 


1      5" 


o 


122 


i      — i         5         r 


I      r",on,..u,y       |-j|      I 


:  m     ■ 


L 


O 
© 


9.    ' 

I 
t  - 

si 


o 

J 


123 


SECTION  7 
SCHEMATIC  DIAGRAMS 


The  following  schematic  diagrams /signal  list  are  presented  in  this  section: 

Drwg.    No.  Subject  Revision 

10059917  Schematic  Diagram,   Power  Supply  -  B 

Bus  Detector 

Signal  List  -     Motherboard  Interconnect  List  Original 

BCU  Backplane 
(Sheets  1 
thru  6) 

10059899  Schematic  Diagram  -  I/O  Card,   Bus  G 
Detector 

10059900  Schematic  Diagram  -  PROM  Memory,  C 
Bus  Detector 

1059904  Schematic  Diagram  -  Preprocessor  E 

(Sheets  Control  Decoding  Card  No.    1,   Bus 

1,2)  Detector 

10059901  Schematic  Diagram  -  Cycle  Steal  E 
(Sheet  1)              Control/ Address,  Preprocessor  Card 

No.    2,    Bus  Detector 

10059901  Schematic  Diagram  -  Cycle  Steal  D 
(Sheet  2)              Control/Address,   Preprocessor  Card 

No.    2,   Bus  Detector 

10059923  Interconnecting  Diagram  -  Loop  C 

Electronics,  Bus  Detector 

10059903  Schematic  Diagram  -  Loop  Electronics, 

Bus  Detector 

10059902  Schematic  Diagram  -  Power  Supply,  D 
Loop  Electronics,  Bus  Detector 
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MOTHER  BOARD 

INTERCONNECT 

LIST 


ORIGINAL   NAME 


GND 

141-144 
1-4 
71,  72 

1-4 

1-4 

1-4 

1-4 

1-4 

(J  12-4) 

+5V 

5-8 
137-140 

5-8 

5-8 

5-8 

5-8 

5-8 

(J  12-5) 

+5V  Batt. 

9,  10 

SW00 

12 

12 

SW01 

14 

14 

SW02 

13 

13 

SW03 

11 

1  1 

SW04 

24 

24 

SW05 

27 

27 

SW06 

68 

68 

SW07 

26 

26 

SW08 

76 

76 

SW09 

89 

89 

SW10 

56 

56 

SW11 

53 

53 

SW12 

67 

67 

SW13 

84 

84 

SW14 

91 

91 

SW15 

70 

70 

Flag  0 

15 

MDO00 

35 

35 

35 

MDO01 

49 

49 

MDO02 

17 

17 

17 

MDO03 

21 

21 

21 

MDO04 

42 

42 

42 

MDO05 

45 

45 

45 

MDO06 

18 

18 

18 

MDO07 

22 

22 

22 

MDO08 

25 

25 

25 

MDO09 

38 

38 

38 

MDO10 

46 

46 

46 

MD011 

55 

55 

55 

MD012 

28 

28 

28 

MD013 

39 

39 

39 

MD014 

48 

48 

48 

MD015 

57 

57 

57 

-12V 

31/32 

31/32 

31/32 

(J  12-3) 

ODIS 

44 

44 

EXHOLD 

122 

121 

127 
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MOTHER  BOARD 

INTERCONNECT 

LIST 


ADX00 

ADX01 

ADX02 

ADX03 

ADX04 

ADX05 

ADX06 

ADX07 

ADX08 

ADX09 

ADX10 

ADX1  1 

ADX12 

ADX13 

ADX14 

ADX15 

CS0* 

DSLCT 

Flag  12 

CS1 

CS2 

R/W* 

SEL 

RDMF 

WRMF 
RDPF 
WRPF 

F8 

HLT* 

BDOENA* 

F15 

CPINT 

F1  1 

CI 

CLK81 

DISTR* 

INCTCL 

C3B* 

C45 

CPINP 

F14 

EXEC 

Power  On* 

F13 


63 


85 

85 

64 

64 

62 

62 

65 

65 

66 

66 

60 

60 

50 

50 

77 

77 

103 

103 

78 

78 

81 

81 

82 

82 

83 

83 

61 

61 

69 

79 

80 

87 

87 

90 

92 

93 

94 

95 

97 


101 
102 
104 
105 
106 


109 
110 
111 
112 
1  13 
1  14 


63 


90 


112 


63 


85 

64 

62 

65 

66 

60 

50 

77 

103 

78 

81 

82 

83 

92 


92 

93 
94 
95 


105 


109 


63 

86 

88 

85 

64 

62 

65 

66 

60 

50 

77 

103 

78 

81 

82 

83 


95 
96 

102 


109 


14 


63 

86 

88 

85 

64 

62 

65 

66 

60 

50 

77 

103 

78 

81 

82 

83 

92 


92 


94 
95 

96 
97 


101 

105 

90 

109 
110 

112 


Not  Wired  to  DAYNL  card 
Tie  to  CPU,  RDMF  (92) 

Tie  down  (GND) 
Tie  Down  (GND) 


Tie  also  to  CPU,  DSLCT 
(69) 


Tie  also  to  DEBUG,  WRP 
(95) 


Called  START  on  DAYNL 
Tie  low 
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MOTHER  BOARD 

INTERCONNECT 

LIST 


«<7 


CD 


ORIGINAL  NAME 

/     8 

/   a'  / 

i\ 

/    e 

/   ^> 

/     ^ 

WRPA 

118 

C3 

100 

1 NCTCLB 

107 

107 

Cal  led  INCTCL  on  CPU 

CLK 

119 

WRMP 

120 

120 

CLK* 

121 

121 

EXHOLDS* 

121 

122 

RFREQ 

123 

T  i  e  Low 

RFSH 

124 

WRPB 

125 

CO 

126 

Connect  to  CPU  CI N  (128) 

INTRA 

127 

127 

C.IN 

128 

Connect  to  CPU  CO  ( 126) 

JC12 

129 

129 

JC13 

130 

T  i  e  Low 

JC15 

131 

131 

F12 

JC14 

133 

133 

SYSCLR* 

134 

134 

INIT* 

135 

135 

135 

INTEN 

136 

136 

136 

BDO00 

36 

36 

36 

36 

BDO01 

40 

40 

40 

40 

BDO02 

58 

58 

58 

58 

BDO03 

20 

20 

20 

20 

BDO04 

43 

43 

43 

43 

BDO05 

54 

54 

54 

54 

BDO06 

19 

19 

19 

19 

BDO07 

23 

23 

23 

23 

6DO08 

37 

37 

37 

27 

BDO09 

41 

41 

41 

41 

BDO10 

51 

51 

51 

51 

BD011 

52 

52 

52 

52 

BD012 

74 

74 

74 

74 

BD013 

73 

73 

73 

73 

BD014 

47 

47 

47 

69 

BD015 

59 

59 

59 

59 

PPSTL* 

24 

24 

GMMDTAD* 

25 

25 

GMMADDD* 

113 

113 

GSTRTCV* 

31 

31 

GMEMLWRD* 

111 

11  1 

GMFMUPRD* 

107 

107 

GMARD* 

104 

104 

GCLKSTB* 

28 

28 

GMEMDEST* 

30 

30 

GMEMSRC* 

32 

32 

129 
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MOTHER  BOARD 

INTERCONNECT 

LIST 


GMEMUPRS* 
GADCONV* 
GMEMLWRS* 
GINCMAR* 
GDECMAR* 
GMARS* 
LS  I  GH  I     1 
LS  I  GH  I 
LS  I  GH  I 
LS  I  GH  I 
LS I GH I 
LS I GH I 
LS  I  GH  I 
LS I GH I 
LS I GH  I 
LS I GH I 
LS  I  GH  I 
LS  I  GH  I 
LS  I  GH  I 
LS I GH  I 
LS I GH I 
LS  I  GH  I 
LSIGLO 
LSIGLO 
LS I GLO 
LSIGLO 
LS I GLO 
LSIGLO 
LS I GLO 
LS I GLO 
LS I GLO 
LSIGLO 
LSIGLO 
LS I GLO 
LS I GLO 
LSIGLO 
LSIGLO 
LS I GLO 
PGS* 
/PPSTLP 
BPPD0 
BPPD1 
BPPD2 
BPPD3 
BPPD4 
BPPD5 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

1 

2 

3 

4 

5 

6 

7 


34 

29 

35 

106 

108 

1  10 


112 

46 
50 
53 
56 
61 
75 


34 

29 

35 

106 

108 

1  10 

9 

13 

10 

14 

46 

55 

67 

68 

87 

90 

96 

97 

117 

123 

125 

127 

11 

15 

12 

16 

48 

57 

69 

70 

89 

91 

98 

99 

1  19 

124 

126 

128 

112 

45 
49 
53 
56 
61 
75 


To 

Connector 

J5- 

4 

To 

Connector 

J5- 

3 

To 

Connector 

J5- 

2 

To 

Connector 

J5- 

1 

To 

Connector 

J4- 

4 

To 

Connector 

J4- 

3 

To 

Connector 

J4- 

2 

To 

Connector 

J4- 

1 

To 

Connector 

J3- 

4 

To 

Connector 

J3- 

3 

To 

Connector 

J3- 

2 

To 

Connector 

J3- 

1 

To 

Connector 

J2- 

4 

To 

Connector 

J2- 

3 

To 

Connector 

J2- 

2 

To 

Connector 

J2- 

1 

To 

Connector 

J5- 

17 

To 

Connector 

J5- 

16 

To 

Connector 

J5- 

15 

To 

Connector 

J5- 

14 

To 

Connector 

J4- 

17 

To 

Connector 

J4- 

16 

To 

Connector 

J4- 

15 

To 

Connector 

J4- 

14 

To 

Connector 

J3- 

17 

To 

Connector 

J3- 

16 

To 

Connector 

J3- 

15 

To 

Connector 

J3- 

14 

To 

Connector 

J2- 

17 

To 

Connector 

J2- 

16 

To 

Connector 

J2- 

15 

To 

Connector 

J2- 

14 

130 
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MOTHER  BOARD 

INTERCONNECT 

LIST 


ORIGINAL  NAME 


p 

Uj 

4o  / 

k? 

^>  / 

CD 

P  / 
^u  1 

*-»  / 

Q  / 

§  / 

BPPD6 

BPPD7 

BPPD8 

BPPD9 

BPPD10 

BPPD1 1 

ENAB* 

INTRA* 

WRMS* 

ASC2* 

CSO* 

CS2* 

CS1* 

CS3* 

RDM 

RDP 

WRP 

START 

+  15V 

-15V 

GNRLCLR* 

SI 

SI* 

S2 

S2* 

0V1 

0V2 

0V3 

0V4 

0V5 

0V6 

0V7 

0V8 

0V9 

OV10 

0V11 

0V12 

0V13 

0V14 

0V15 

0V16 

031 

0B2 

OB  3 

0B4 

OB  5 


76 

79 

80 

100 

101 

102 


68 
115 

1  16 


17 


76 

79 

80 

100 

102 

101 


116 


18 
136 


18 

17 

129 

130 

132 

136 

21 

22 

24 

25 

48 

46 

45 

44 

99 

100 

104 

105 

127 

128 

121 

122 

26 

27 

28 

29 

42 


69 


92 
95 


Gnd  by  DAYNL 


Not  wired  to  CPU 
Tied  Hioh 
Tied  High 

Connect  to  CPU,  RDMF  (92) 
Connect  to  CPU,  RDPF  (94) 
Connect  to  CPU,  WRPF  (95) 

Connect  to  CPU,  EXEC  (112) 

J12-15 
J  12-6 


To 

Front  Pane 

>l  (J12-8) 

To 

Front  Pane 

1  (J  12-10) 

To 

Front  Pane 

>l  (J12-7) 

To 

Front  Panel  (J 

To 

Connector 

J5-25 

To 

Connector 

J  5-22 

To 

Connector 

J  5- 11 

To 

Connector 

J5-10 

To 

Connector 

J4-25 

To 

Connector 

J  4-22 

To 

Connector 

J4-11 

To 

Connector 

J  4- 10 

To 

Connector 

J3-25 

To 

Connector 

J  3-22 

To 

Connector 

J  3-11 

To 

Connector 

J  3-10 

To 

Connector 

J  2-25 

To 

Connector 

J  2- 22 

To 

Connector 

J  2-1  1 

To 

Connector 

J  2- 10 

To 

Connector 

J5-12 

To 

Connector 

J  5- 13 

To 

Connector 

J  5- 24 

To 

Connector 

J  5-23 

To 

Connector 

J  4-12 
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MOTHER  BOARD 

INTERCONNECT 

LIST 


0B6 

0B7 

OB8 

OB9 

OB10 

OB  11 

OB12 

OB13 

OB14 

OB15 

OB  16 

ANALOG  GND 

/GFAULT  1 

/GFAULT  2 

/GFAULT  3 

/EXT  RESET 

LOGIC  GND 

/GSTEAL 

SIG  SHIELD 


136 


39 

38 

35 

106 

107 

108 

110 

119 

120 

1  17 

118 

113 
112 

1  11 


To  Connector  J  4- 13 
To  Connector  J4-24 
To  Connector  J 4-23 
To  Connector  J  3- 12 
To  Connector  J  3- 13 
To  Connector  J  3-24 
To  Connector  J  3-23 
To  Connector  J 2- 12 
To  Connector  J 2- 13 
To  Connector  J  2-24 
To  Connector  J 2-23 
From  Power  Supply  (J  12) 
CR1  &  J  12-14 
CR2  &  J  1 2- 1 2 
CR3  &  J  12-2 
To  Connector  J  12- 13 
To  Connector  J  12-1 

To  Connector  Pins  J2-5 
J3-5,  J4-5,  J5-5 


132 


133 


io 

a 

o 

o 

o 

rt 

n 

5 

i 

i 

1 

1 

i 

m 

in 

iv 

ai 

- 

p) 

-  to  n  <  ">  ^ 

4            £9ES1W 

<SSS£S?I 

«j 

* 

u> 

o 

W 

* 

w 

<\l 

l_l 

o 

ti 

> 

> 

> 

~r 

> 

> 

i 

i 

£ 

S 

I 

s 

.* 


^C> 


M  „.  nJ,       I  ill 

fis |s_H>p|_|__ 


7   I  < *5J_I^  T  1  < < 

iY«|  >     m 


!^|g|=la|, 


"H> 


m 


I 


0 

o 

< 

: 
< 

in 
o 
o 

*!7 

o 
o 

< 

<3 

o 

Q 
<£ 

J) 
o 

c 
< 

-    (0    r*>   ■*    U1 

|   <  <  <  £  <  ; 

9 

in 
o 

> 

ID 
0 
D 

in 
o 

0 

< 

0 

o 
o 
< 

o 
< 

Ml 
0 

< 

■M» 

M  o 

- 

o  - 

<r 

»3   C7 

13 

o 

I? 

in 

1/1 

<-- 

(1 

- 

2 

-  win  *  inu 

*        wesnw 

*  5  £  S  £5  ^S 

M 

* 

* 

s 

- 

c 

-lio 

ivl 

0   - 

<) 

O 

on 

0 

P 

<|< 

< 

< 

<   < 

o    p-  id  J)  d  n 

134 


135 


136 


137 


o I  an  |     |  IQCCSOOI  | 


=I2L 


|  -ttl^TW  J> 1 


TT 


£      vtis-i*t    ,-jn 


m  n  m  d  e  s 


F 


iff 

;■■,.'■ 
JS3 


a 


o 

CD 

<n 

in 
S?o 


,ri 


.■■ 

138 


_u I  <n  I    |t2C<;su0i|  | 


i*  « «  »«  ;«  gi 


""ijS'ji 


I 


rv) 

lO 

1° 


TTTUl 


rt 


tt-i n — r 


alig 1 1  n°. 


:  liiJQ_Li_IL 


U5      H    i!» 


a- 


■] M1-'' 


;-M^    !  i  ^  <f\  I 


i"    5 


si==i:to 


1 1 1 — i  it i 


"-.  i M  1H         I    n», 


5  *      5 


«■ I  I  i  3  I 


n.  - 


«:" 


9 


in  *ia 


139 


140 


00 

o  n 


IT 


00 

IV) 

in 

m  z 

0(0 


—      (N) 


>J)      2 


m  oo  x         5  *  * 


rJ  o 
02 


< 


Klg 

-  in 
or  o 


^> 


TT^ 


^2 


5J^ 


It 


-  0 

— 

1-    <     >         fwww, 

a:  "> 

_> 

o:5 

1 

^ZF^ 

DC 

-.u) 

"-!: 

'   c 

Ct- 

a 

u. 

J,       0. 

^-5 

ru.< 

-X  " 

n 

\D 

do" 

r- 

\ 
\ 

z5 

UIO 

X 

^    z$    y 

1/1 

<VJ                            ' 

j 

nl 

o~                ( 

u 

?! 

M                      I 

^ 

<3 


"       2 


UJ 

Q 

i/i  or 

Z 

^  uJ 

< 

?h 

— 

0UJ 

i/> 

o2 

_r 

141 


APPENDIX 
IMP-16C  APPLICATIONS  MANUAL 


See  Volume  II. 
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FEDERALLY  COORDINATED   PROGRAM  OF  HIGHWAY 
RESEARCH  AND  DEVELOPMENT   (TCP} 


The  Offices  of  .Research  and  Development  of  the 
Federal  Highway  Administration  are  responsible 
for  a  broad  program  of  research  with  resources 
including  its  own  staff,  contract  programs,  and  a 
Federal-Aid  program  which  is  conducted  by  or 
through  the  State  highway  departments  and  which 
also  finances  the  National  Cooperative  Highway 
Research  Program  managed  by  the  Transportation 
Research  Board.  The  Federally  Coordinated  Pro- 
gram of  Highway  Research  and  Development 
(FCP)  is  a  carefully  selected  group  of  projects 
aimed  at  urgent,  national  problems,  which  concen- 
trates these  resources  on  these  problems  to  obtain 
timely  solutions.  Virtually  all  of  the  available 
funds  and  staff  resources  are  a  part  of  the  FCP. 
together  with  as  much  of  the  Federal-aid  research 
funds  of  the  States  and  the  NCHRP  resources  as 
the  States  agree  to  devote  to  these  projects.* 


FCP   Category  Descriptions 

1.  Improved    Highway   Design   and   Opera- 
tion for  Safety 

Safety  R&D  addresses  problems  connected  with 
the  responsibilities  of  the  Federal  Highway 
Administration  under  the  Highway  Safety  Act 
and  includes  investigation  of  appropriate  design 
standards,  roadside  hardware,  signing,  and 
physical  and  scientific  data  for  the  formulation 
of  improved  safety  regulations. 

2.  Reduction    of    Traffic    Congestion    and 
Improved  Operational  Efficiency 

Traffic  R&D  is  concerned  with  increasing  the 
operational  efficiency  of  existing  highways  by 
advancing  technology,  by  improving  designs  for 
existing  as  well  as  new  facilities,  and  by  keep- 
ing the  demand-capacity  relationship  in  better 
balance  through  traffic  management  techniques 
such  as  bus  and  carpool  preferential  treatment, 
motorist  information,  and  rerouting  of  traffic. 


*  The  complete  7-volume  official  statement  of  the  FCP  is 
available  from  the  National  Technical  Information  Service 
(NTIS).  Springfield,  Virginia  22161  (Order  No.  PB  242057. 
price  $4."i  postpaid).  Single  copies  of  the  introductory 
volume  are  obtainable  without  charge  from  Program 
Analysis  (HRD-2).  Offices  of  Research  and  Development. 
Federal    Highway    Administration.    Washington.    D.C.    20590. 


3.  Environmental  Considerations  in  High- 
way Design,  Location,  Construction,  and 
Operation 

Environmental  R&D  is  directed  toward  identify- 
ing and  evaluating  highway  elements  which 
affect  the  quality*  of  the  human  environment. 
The  ultimate  goals  are  reduction  of  adverse  high- 
way and  traffic  impacts,  and  protection  and 
enhancement  of  the  environment. 

4.  Improved  Materials  Utilization  and  Dura- 
bility 

Materials  R&D  is  concerned  with  expanding  the 
knowledge  of  materials  properties  and  technology 
to  fully  utilize  available  naturally  occurring 
materials,  to  develop  extender  or  substitute  ma- 
terials for  materials  in  short  supply,  and  to 
devise  procedures  for  converting  industrial  and 
other  wastes  into  useful  highway  products. 
These  activities  are  all  directed  toward  the  com- 
mon goals  of  lowering  the  cost  of  highwav 
construction  and  extending  the  period  of  main- 
tenance-free operation. 

5.  Improved  Design  to  Reduce  Costs,  Extend 
Life  Expectancy,  and  Insure  Structural 
Safety 

Structural  R&D  is  concerned  with  furthering  the 
latest  technological  advances  in  structural  de- 
signs, fabrication  processes,  and  construction 
techniques,  to  provide  safe,  efficient  highways 
at  reasonable  cost. 

6.  Prototype  Development  and  Implementa- 
tion of  Research 

This  category  is  concerned  with  developing  and 
transferring  research  and  technology  into  prac- 
tice, or.  as  it  has  been  commonly  identified, 
"technology  transfer." 

7.  Improved  Technology  for  Highway  Main- 
tenance 

Maintenance  R&D  objectives  include  the  develop- 
ment and  application  of  new  technology  to  im- 
prove management,  to  augment  the  utilization 
of  resources,  and  to  increase  operational  efficiency 
and  safety  in  the  maintenance  of  highway 
facilities. 
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